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Abstract 


Moisture  diffusion  measurements  were  made  for  coated  and  uncoated  composite 
materials.  Two  substrates  were  used:  T650/1914-4  (a  graphite  fiber  reinforced  thermoset 
epoxy)  and  AS4/Ultpm  (a  graphite  fiber  reinforced  thermoplastic  polymer).  The 
specimens  were  tested  uncoated  and  coated  with  three  polymer  coatings — MIL-P-53030 
Primer,  Humiseal  2A53,  and  2031  Siloxirane.  The  coatings  generally  absorbed  more 
moisture  than  the  specimens  and  increased  the  total  moisture  absorption  for  the  coated 
parts.  For  the  AS4/Ultem  bars,  anisotropic  diffusion  constants  were  measured,  and 
diffusion  occurs  in  the;  fiber  direction  three  times  faster  than  transverse  to  the  fibers. 
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1.  Introduction 


This  experimental  study  investigates  the  moisture  absorption  of  composite 
material  specimens  with  and  without  polymeric  coatings.  The  results  obtained 
here  will  be  used  to  establish  material  diffusion  constants  and  validate  moisture 
diffusion  models  being  developed  for  coated  and  uncoated  composite  materials 
[1] 


2.  Materials 


Two  types  of  composite  materials  were  used  for  this  study -T650  graphite  fiber 
reinforced  1914-4  epoxy  (a  thermoset  composite  system)  and  AS4  graphite  fiber 
reinforced  Ultem  (a  thermoplastic  composite  system).  These  materials  have  been 
investigated  in  several  previous  studies  on  moisture  absorption  [2,  3],  The 
T650/1914-4  samples  were  cut  from  a  thin,  autoclave-cured  four-ply  panel.  The 
panels  were  1.5  in  x  2.75  in  x  0.02  in;  the  fibers  were  lying  in  the  1.5  in  x  2.75  in 
plane  so  that  moisture  diffusion  would  occur  primarily  in  the  direction 
transverse  to  the  carbon  fibers.  The  AS4/ Ultem  samples  were  manufactured  by 
two  methods:  bars  cut  from  a  thick  compression-molded  panel,  and  disks  cut 
from  a  composite  preform  manufactured  by  compression  molding.  The  bars 
were  made  with  two  orientations  so  that  anisotropic  diffusion  coefficients  could 
be  measured.  They  were  made  in  the  fiber  direction  and  transverse  to  the  fibers. 
The  disks  were  cut  from  a  preform  transverse  to  the  fiber  direction  so  that 
diffusion  would  be  predominately  in  the  fiber  direction. 

Three  coating  materials  were  investigated  -  Humiseal  2A53  coating,  Siloxirane, 
and  an  Army  CARC  MIL-P-53030  primer.  The  coating  materials  were  sprayed 
onto  the  test  specimens.  The  coating  thicknesses  were  measured  after  the 
moisture  tests  were  concluded.  The  samples  were  sectioned  using  a  Struers,  Inc. 
accutom  saw.  The  freshly  cut  edge  was  examined  under  a  Leitz  Wild 
stereomacroscope,  model  420,  at  a  nominal  320x  power.  The  samples  were 
mounted  in  the  staging  area  of  the  macroscope  using  either  a  putty  type  material, 
or  they  were  held  in  place  by  two  plastic  blocks  such  that  measurements  were 
made  perpendicular  to  the  cut  surface.  The  samples  were  photographed  at 
intervals  of  0.2  in  using  a  Hitachi  HVC20  digital  camera  in  conjunction  with  an 
Oculus-TCI  Demonstration  Software  Program,  Version  3.01  by  Conco,  Inc. 
These  photographs  were  downloaded  to  a  PC  with  an  Ultra  Plus  II  video 
capturing  board  and  stored  on  the  hard  drive  as  a  tiff  file.  Thickness 
measurements  were  then  made  using  the  software.  Scion  Image,  Beta  4.02  by 
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Scion  Corp.  To  correctly  analyze  these  images,  the  scaling  was  set  420  pixels  to 
equal  1  mm.  The  distance  from  the  inner  edge  to  the  outer  edge  of  the  coating 
was  measured  using  a  cursor  drop  function  (Figures  1  and  2).  In  regions  where 
the  saw  pulled  composite  material  into  the  coating,  no  measurements  were  taken 
(Figure  3).  A  full  description  of  all  of  the  test  specimens  is  given  in  Table  1. 


Figure  1.  Photograph  of  the  T650/1914-4  plate  showing  the  CARC  MIL-P-53030  coating 
on  both  sides  of  the  thin  four-ply  plate. 


Figure  2. 


Photograph  of  the  AS4/Ultem  bar  with  the  Siloxirane  coating  on  one  side. 
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Figure  3.  AS4/Ultem  bar  with  the  Siloxirane  coating  on  one  side  showing  a  region  where 
the  cutting  process  pulled  the  composite  material  over  the  coating  region.  This 
occurred  after  the  moisture  test,  when  specimens  were  being  prepared  for 
coating  measurements;  no  measurements  were  made  in  this  region. 


Table  1.  Specimens  used  in  the  present  study. 


Su  bstrate 

Diffusion  Direction 

Coating 

Coating 

Thickness 

(in) 

Standard 

Deviation 

11650/19144  Platts 

Transverse  to  fibers 

Primer 

0,001)98 

0,0007 

T650/ 19144  Plates 

[  rans  verse  to  fibers 

None 

0 

— 

AS4/UItem  Disks 

Fiber  Direction 

None 

0 

— 

AS4/Ultem  Disks 

Fiber  Direction 

Primer 

9,00125 

0.0004 

AS4/Ultem  Bars 

Fiber  Direction 

None 

0 

— 

AS4/Ultem  Bars 

Fiber  Direction 

Humiseal 

0  00104 

0.0003 

AS4/Ultem  Bars 

Fiber  Direction 

Siloxirane 

0.00232 

0.0007 

AS4 /  LI  1  te m  Ba  rs 

Transverse  to  fibers 

None 

0 

— 

AS4/Ultem  Bars 

Transverse  to  fibers 

Hu  m  iseal 

0,00104 

0.0003 

AS4/  Ultem  Bars 

Transverse  to  fibers 

Siloxirane 

0.00232 

0.0007 

3.  Experimental  Technique 


All  of  the  specimens  were  thoroughly  dried  in  a  vacuum  oven  prior  to  testing. 
For  testing,  all  samples  were  placed  in  a  constant  temperature-humidity 
chamber.  The  samples  were  evenly  distributed  in  a  steel  mesh  tray  to  ensure 
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uniform  airflow  around  all  specimens.  Two  test  conditions  were  used:  (1)  35  °C 
and  98%  relative  humidity  (RH)  and  (2)  50  °C  and  98%  RH.  Prior  to  testing,  the 
specimens  were  weighed  daily  for  the  first  10  days  of  the  test  and  every  other 
day  until  the  conclusion  of  the  test. 


4.  Results 


The  moisture  weight  gain  vs.  time  for  the  test  specimens  are  shown  graphically 
in  Figures  4-8.  Diffusion  coefficients  were  calculated  for  each  specimen  from 
equation  1,  as  specified  by  ASTM  Standard  D  5229/D5229M-92  [4], 


D  =  7t 


V 


v4Mmy 


M2-M, 

V*7-Vv 


\2 


(1) 


where  h  is  the  specimen  thickness,  Mm  is  the  moisture  saturation  level,  and  the 
quantity  in  the  second  set  of  parentheses  is  the  slope  of  the  initial  linear  region 
on  a  plot  of  moisture  weight  gain  vs.  the  square  root  of  time.  This  initial  linear 
region  is  normally  taken  to  be  60%  of  the  time  required  for  saturation.  Diffusion 
coefficients  were  calculated  for  all  of  the  samples,  even  though  they  are  not  really 
appropriate  for  the  coated  samples  (higher  order  analysis  is  necessary  for  the 
two-part  systems  and  will  be  described  in  a  subsequent  study  [5]).  For  the 
present  study,  these  diffusion  constants  were  calculated  simply  for  comparison 
purposes.  The  reduced  experimental  data  is  listed  in  Table  2. 

From  the  results  it  is  important  to  note  the  anisotropic  nature  of  diffusion  in  the 
composite  materials.  For  the  uncoated  bar  specimens,  the  diffusion  rates  are  on 
the  order  of  three  times  higher  in  the  fiber  direction  as  opposed  to  transverse  to 
the  fibers.  This  agrees  with  results  found  in  the  general  literature  [6].  This 
means  that  moisture  will  absorb  much  more  quickly  in  composite  structures  with 

exposed  fiber  ends  (normal  to  the  surface)  than  in  structures  with  fibers  parallel 
to  the  surfaces. 


The  results  reported  here  should  be  viewed  as  laboratory  data.  The  coating 
thickness  is  relatively  thick  as  compared  to  the  small  specimens.  The 
experimental  results  will  be  used  to  validate  theoretical  models  in  a  separate 
study.  However,  it  is  interesting  to  note  that  the  coatings  generally  increased  the 
maximum  moisture  contents  and  the  diffusion  coefficients  as  compared  to  the 
uncoated  substrates. 
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re  4.  Moisture  absorption  in  T650/1914-4  plates  at  35  °C  and  98%  RH.  Group  A  had 
the  primer  coating,  and  group  B  had  no  coating. 
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Figure  5.  Moisture  absorption  in  AS4/Ultem  disks  at  35  °C  and  98%  RH.  Group  C  had 
no  coating,  and  group  D  had  the  primer  coating. 
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Weight  Gain  (%) 


Moisture  Absorption  After  18  Days-  Plates  at  50  9C 


Figure  6.  Moisture  absorption  in  T650/1914-4  plates  at  50  °C  and  98%  RH.  Group  A  had 
the  primer  coating,  and  group  B  had  no  coating. 


Figure  7.  Moisture  absorption  in  AS4/Ultem  disks  at  50  °C  and  98%  RH.  Group  C  had 
no  coating,  and  group  B  had  the  primer  coating. 
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Figure  8.  Moisture  absorption  in  AS4/Ultem  compression  molded  bars  at  50  °C  and  98% 
RH.  None  of  the  specimens  in  groups  A,  B,  and  C  had  diffusion  in  the  fiber 
direction.  Group  A  had  no  coating,  group  B  had  Humiseal  2A53  coating,  and 
group  C  had  Siloxirane  coating.  Groups  X,  Y,  and  Z  experienced  diffusion 
transverse  to  the  fiber  direction.  Group  X  had  no  coating,  group  Y  had 
Humiseal  2A53  coating,  and  group  Z  had  Siloxirane  coating. 


5.  Conclusions 


Moisture  diffusion  measurements  have  been  made  for  coated  and  uncoated 
composite  materials.  Two  substrates  were  used:  T650/1914-4  (a  graphite  fiber 
reinforced  thermoset  epoxy)  and  AS4/Ultem  (a  graphite  fiber  reinforced 
thermoplastic  polymer).  The  specimens  were  tested  uncoated  and  coated  with 
three  polymer  coatings  (MIL-P-53030  Primer,  Humiseal  2A53  and  2031 
Siloxirane).  The  coatings  generally  increased  the  total  moisture  absorption  for 
the  specimens.  For  the  AS4/Ultem  bars,  anisotropic  diffusion  constants  were 
measured  and  diffusion  occurs  in  the  fiber  direction  three  times  faster  than 
transverse  to  the  fibers. 
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Table  2.  Testing  results. 


Substrate 

Coating 

Test 

Temperature 

("F/ 

No 

of 

Specimens 

Specimen 

Thickness 

Standard 
]"Vv  taboo 

Maximum 

Moisture 

Content 

(%) 

Standard 

Deviation 

Effective 
Diffusion 
i  Coeffidenl 

(in ’/hr) 

1  Standard 
:  Deviation 

rtso/m  m 

Plates 
Transverse 
to  Fibers 

Pruner 

95  *F 

35  X 

7 

2786E-02 

8.522E414 

0.979 

0.119 

I.662E-0t> 

3.097E-07 

7650/1914^1 

Pistes 

Transverse 
to  Fibers 

None 

95  “F 

35  °C 

6 

2  300E-02 

1 .304E-03 

11906 

0.141 

3.764E-07 

1.269E-07 

AS4/Ultem 

Disks  Fiber 

Direction 

None 

95  °F 

35  °C 

4 

i  .assE-oi 

1  826E4B 

0.425 

11002 

7.822E-06 

2.341  E-06 

AS4/UWem 

Disks  Fiber 
Direction 

Primer 

95  "F 

35  X 

4 

1.083E-01 

2.8H7EU4 

0,472 

0.017 

9  972E-06 

1.895E-06 

7650/1914-4 
Plates 
Transverse 
tu  Fibers 

Primer 

122  T 

sax: 

4 

2.650E-02 

1.IXI0E413 

1.072 

(1004 

4.984E-06 

4.731E-07 

T65CI/1914-4 

Plates 
Transverse 
to  Fibers 

None 

m- f 

5(1  X 

4 

2 150E  U2 

5.774E-04 

1.042 

0.022 

2.W5E-Uo 

2.914E-07 

AS4/  Ultem 

Disks  Fiber 
Direction 

Primer 

122  °F 

50  °C 

4 

i  nojH-oi 

1  70HF-03 

0.470 

0.005 

4  B6CJE-05 

3.522E-06 

A54/UUam 

Oisks  Hber 
Direction 

None 

122  ®F 

50  X 

4 

1  075E -01 

238QF-G3 

051b 

0.011 

6.121B-05 

I  550E-05 

AS4/Ulrem 
Bars  Fiber 
Direction 

None 

122T 

50  °C 

4 

9.725E-G2 

7193E4D 

0.403 

oms 

5.074E-05 

2908E436 

AS4/U1tem 

Bars  Fiber 
Direction 

Harm  seal 

122  iTF 

50  °C 

4 

9875E-02 

9.574E-04 

0.435 

D.004 

5  503E4J5 

2020Mb 

A54/UUem 

Bars  Fiber 
Direction 

Siloxirane 

122  °F 

sox 

4 

1  M3E-0I 

2630E4B 

0.582 

0  006 

9.280E-Q5 

9.061  E4)6 

A54/'U1bnn 

Bars 

T  ronsverse 
to  Fibers 

None 

122  X 

snx 

2 

9.65GE-02 

2121  E-Q3 

0.436 

0,007 

1  686K-D5 

Z565E-0? 

AS4/U3tem 

Bars 

Transverse 
to  Fibers 

Hu  mi  seal 

122  "F 

50  X 

2 

1.035E4J1 

6.364E-03 

0.457 

[1.007 

2.195E4J5 

8.319E-08 

ASl/Ultem 

Bars 

Transverse 

to  Fibers 

Sftoxirane 

122  *F 

50  °C 

2 

1  07GE-01 

_ 1 

2B28E  03 

0.566 

_ J. 

0.021 

6  13BE-05 

1.087E-06 
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DA  OAS^RDA 
SARD  so; 

103  ARMY  PENTAGON 
WASHINGTON  DC  20310-0103 

I 

i 

DPTY  ASST  SECY  FOR  R&T 

sardtt! 

THE  PENTAGON 
RM  3EA79 

WASHINGTON  DC  20301-7100 

COMMANDER 
US  ARMY  MATERIEL  CMD 
AMXMI INT 
5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 

COMMANDER 
US  ARMYj  ARDEC 
AMSTA  AR  QAC  T  C 
C  PATEL  1 

PICATINNY  ARSENAL  NJ 
07806-5000 


NO.  OF 

COPIES  ORGANIZATION 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  M 

D  DEMELLA 

PICATINNY  ARSENAL  NJ 
07806-5000 

3  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARFSA 
A  WARNASH 
BMACHAK 
M  CHIEFA 

PICATINNY  ARSENAL  NJ 
07806-5000 

2  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARFSPG 
M  SCHIKSNIS 

D  CARLUCCI 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTAARFSPA 
P  KISATSKY 

PICATINNY  ARSENAL  NJ 
07806-5000 

2  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARCCHC 
H  CHANIN 

S  CHICO 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  QAC  T 
DRIGOGLIOSO 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  SRE 
DYEE 

PICATINNY  ARSENAL  NJ 
07806-5000 


i 


12 


NO.  OF 

COPIES  ORGANIZATION 

9  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  CCH  B 
P  DONADIA 
F  DONLON 
P  VALENTI 
C  KNUTSON 
G  EUSTICE 
S  PATEL 
G  WAGNECZ 
RSAYER 
F  CHANG 

PICATINNY  ARSENAL  NJ 
07806-5000 

6  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARCCL 
F  PUZYCKI 
R  MCHUGH 
D  CONWAY 
EJAROSZEWSKI 
RSCHLENNER 
MCLUNE 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  WET 
T  SACHAR 
BLDG  172 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ASF 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  US  ARMY  ARDEC 

INTELLIGENCE  SPECIALIST 
AMSTA  ARWELF 
M  GUERRIERE 
PICATINNY  ARSENAL  NJ 
07806-5000 


NO.  OF 

COPIES  ORGANIZATION 

11  PM  TMAS 

SFAEGSSCTMA 
R  MORRIS 
CKIMKER 
D  GUZOWICZ 
E  KOPACZ 
RROESER 
R  DARCY 
R  MCDANOLDS 
L  D  ULISSE 
C  ROLLER 
J  MCGREEN 
B  PATTER 

PICATINNY  ARSENAL  NJ 
07806-5000 

2  PEO  FIELD  ARTILLERY  SYS 

SFAEFASPM 
H  GOLDMAN 
T  MCWILLIAMS 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARWEA 
J  BRESCIA 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
PRODUCTION  BASE 
MODERN  ACTY 
AMSMCPBMK 
PICATINNY  ARSENAL  NJ 
07806-5000 

6  PM  SAD  ARM 

SFAEGCSSSD 
COLB  ELLIS 
M  DEVINE 
R  KOWALSKI 
W  DEMASSI 
J  PRITCHARD 
SHROWNAK 
PICATINNY  ARSENAL  NJ 
07806-5000 
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NO.  OF 
COPIES 

1 


3 


1 


1 


1 


NO.  OF 

ORGANIZATION  COPIES  ORGANIZATION 


COMMANDER 

USARMYTACOM 

PM  ABRAMS 

SFAE  ASM  AB 

6501  ELEVEN  MILE  RD 

WARREN  MI  48397-5000 

COMMANDER 

USARMYTACOM 

PM  TACTICAL  VEHICLES 

SFAE  TVL 

SFAETVM 

SFAETVH 

6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 


1  COMMANDER 
USARMYTACOM 
PM  SURVIVABLE  SYSTEMS 
SFAEGCSSWGSIH 
M  RYZYI 

6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

1  COMMANDER 
USARMYTACOM 
PMBFV 

SFAE  GCSS  W  BV 
S  DAVIS 

6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 


COMMANDER 

USARMYTACOM 

PMBFVS 

SFAE  ASM  BV 

6501  ELEVEN  MILE  RD 

WARREN  MI  48397-5000 

COMMANDER 

USARMYTACOM 

PMAFAS 

SFAE  ASM  AF 

6501  ELEVEN  MILE  RD 

WARREN  MI  48397-5000 

COMMANDER 
USARMYTACOM 
PM  RDT&E 
SFAE  GCSS  WAB 
]  GODELL 

6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

COMMANDER 
USARMYTACOM 
PM  SURV  SYS 
SFAE  ASM  SS 
T  DEAN  | 

SFAE  GCSS  WGSIM 
D  COCHRAN 
6501  ELEVEN  MILE  RD 
W  ARRENj  MI  48397-5000 


1  COMMANDER 
US ARMYTACOM 
PM  LIGHT  TACTICAL  VHCLS 
AMSTATRS 
A  J  MILLS  MS  209 
6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

1  COMMANDER 
USARMYTACOM 
PM  GROUND  SYSTEMS 
INTEGRATION 
SFAE  GCSS  W  GSI 
R  LABATILLE 
6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

1  COMMANDER 
USARMYTACOM 
CHIEF  ABRAMS  TESTING 
SFAE  GCSS  W  AB  QT 
T  KRASKIEWICZ 
6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

1  COMMANDER 
USARMYTACOM 
AMSTA  SF 

WARREN  MI  48397-5000 

1  COMMANDER 

WATERVLIET  ARSENAL 
SMCWV  QAE  Q 
B  VANINA 
BLDG  44 

WATERVLIET  NY  12189-4050 
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NO.  OF 

COPIES  ORGANIZATION 

15  COMMANDER 

USARMYTACOM 
AMSTATRR 
J  CHAPIN 
R  MCCLELLAND 
D  THOMAS 
J  BENNETT 
D  HANSEN 
AMSTAJSK 
S  GOODMAN 
J  FLORENCE 
KIYER 

D  TEMPLETON 
A  SCHUMACHER 
AMSTATR  D 
D  OSTBERG 
L  HINOJOSA 
BRAJU 
AMSTACSSF 
H  HUTCHINSON 
F  SCHWARZ 
WARREN  MI  48397-5000 

1  COMMANDER 
WATERVLIET  ARSENAL 
SMCWVSPM 

T  MCCLOSKEY 
BLDG  253 

WATERVLIET  NY  12189-4050 

2  TSM  ABRAMS 
ATZKTS 
SJABURG 

W  MEINSHAUSEN 
FT  KNOX  KY  40121 

11  BENET  LABORATORIES 
AMSTAARCCB 
R  FISCELLA 
G  D  ANDREA 
EKATHE 
M  SCAVULO 
G  SPENCER 
P  WHEELER 
K  MINER 
J  VASILAKIS 
G  FRIAR 
RHASENBEIN 
AMSTACCBR 
SSOPOK 

WATERVLIET  NY  12189-4050 


NO.  OF 

COPIES  ORGANIZATION 

3  ARMOR  SCHOOL 
ATZKTD 

R  BAUEN 
JBERG 
APOMEY 
FT  KNOXKY  40121 

2  HQ  IOC  TANK 

AMMUNITION  TEAM 
AMSIO  SMT 
R  CRAWFORD 
W  HARRIS 

ROCK  ISLAND  IL  61299-6000 

1  DIRECTOR 

US  ARMY  AMCOM 
SFAE  AV  RAM  TV 
D  CALDWELL 
BLDG  5300 

REDSTONE  ARSENAL  AL 
35898 

2  COMMANDER 

US  ARMY  AMCOM 
AVIATION  APPLIED  TECH  DIR 
J  SCHUCK 

FT  EUSTIS  VA  23604-5577 

1  US  ARMY  CERL 
RLAMPO 

2902  NEWMARK  DR 
CHAMPAIGN  IL  61822 

4  DIRECTOR 
USARMYCECOM 
NIGHT  VISION  & 

ELECTRONIC  SENSORS  DIR 
AMSEL  RD  NV  CM  CCD 

R  ADAMS 
R  MCLEAN 
A  YINGST 

AMSEL  RD  NV  VISP 
E  JACOBS 

10221  BURBECKRD 
FT  BELVOIR  VA  22060-5806 

2  US  ARMY  CORPS  OF  ENGINEERS 
CERDC 

TLIU 
CEW  ET 
TTAN 

20  MASS  AVE  NW 
WASHINGTON  DC  20314 
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NO.  OF 

COPIES  ORGANIZATION 

3  DARPA 

M  VANFOSSEN 
SWAX 

L  CHRISTODOULOU 
3701  N  FAIRFAX  DR 
ARLINGTON  VA  22203-1714 

2  SERDP  PROGRAM  OFC 
PMP2 
C  PELLERIN 
B  SMITH 

901  N  STUART  ST  STE  303 
ARLINGTON  VA  22203 

1  FAA 

MIL  HDBK 17  CHAIR 

l  ilcevItcz 

1601  LIND  AVE  SW 
ANM 115N 
RESTON  VA  98055 

1  US  DEPT  OF  ENERGY 

OFC  OF  ENVIRONMENTAL 

MANAGEMENT 

PRITZCjDVAN 

19901  GERMANTOWN  RD 

GERMAiTTOWN  MD  20874-1928 

1  DIRECTOR 
LLNL 

F  ADDESSIO  MS  B216 

PO  BOX  1633 

LOS  ALAMOS  NM  87545 

i 

5  DIRECTOR 
LLNL 

R  CHRISTENSEN 
S  DETERESA 
F  MAGNESS 
M  FINGER  MS  313 
M  MURPHY  L  282 
PO  BOX  808 
LIVERMORE  CA  94550 

1  OAK  RIDGE  NATIONAL 

LABORATORY 
R  M  DAVIS 
PO  BOX  2008 

OAK  RIDGE  TN  37831-6195 


NO.  OF 

COPIES  ORGANIZATION 

1  OAK  RIDGE  NATIONAL 
LABORATORY 
C  EBERLE  MS  8048 
PO  BOX  2009 
OAK  RIDGE  TN  37831 

1  OAK  RIDGE  NATIONAL 

LABORATORY 
C  D  WARREN  MS  8039 
PO  BOX  2009 
OAK  RIDGE  TN  37922 

7  NIST 

R  PARNAS 
J  DUNKERS 

M  VANLANDINGHAM  MS  8621 
]  CHIN  MS  8621 
D  HUNSTON  MS  8543 
J  MARTIN  MS  8621 
D  DUTHINH  MS  8611 
100  BUREAU  DR 
GAITHERSBURG  MD  20899 

1  HYDROGEOLOGIC  INC 
SERDP  ESTCPSPT  OFC 
S  WALSH 

1155  HERNDON  PKWY  STE  900 
HERNDON  VA  20170 

3  DIRECTOR 

SANDIA  NATIONAL  LABS 

APPLIED  MECHANICS  DEPT 

DIV  8241 

J  HANDROCK 

YRKAN 

J  LAUFFER 

PO  BOX  969 

LIVERMORE  CA  94550-0096 

3  NASA  LANGLEY  RSCH  CTR 

AMSRL  VS 
W  ELBER  MS  266 
F  BARTLETT  JR  MS  266 
G  FARLEY  MS  266 
HAMPTON  VA  23681-0001 

1  NASA  LANGLEY  RSCH  CTR 

T  GATES  MS  188E 
HAMPTON  VA  23661-3400 

1  USDOT  FEDERAL  RAILRD 
M  FATEH  RDV  31 
WASHINGTON  DC  20590 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  FHWA 

E  MUNLEY 

6300  GEORGETOWN  PIKE 
MCLEAN  VA  22101 

1  CENTRAL  INTLLGNC  AGNCY 
OTI WDAG  GT 
W  L  WALTMAN 
PO  BOX  1925 

WASHINGTON  DC  20505 

1  MARINE  CORPS 

INTELLIGENCE  ACTIVITY 
D  KOSITZKE 

3300  RUSSELL  RD  STE  250 
QUANTICO  VA  22134-5011 

1  DIRECTOR 

NATIONAL  GRND  INTLLGNC  CTI 

IANGTMT 

220  SEVENTH  ST  NE 

CHARLOTTESVILLE  VA 

22902-5396 

1  DIRECTOR 

DEFENSE  INTLLGNC  AGNCY 
TA5 

K  CRELLING 
WASHINGTON  DC  20310 

1  GRAPHITE  MASTERS  INC 

J  WILLIS 

3815  MEDFORD  ST 

LOS  ANGELES  CA  90063-1900 

1  ADVANCED  GLASS  FIBER  YARNS 

T  COLLINS 

281  SPRING  RUN  LANE  STE  A 
DOWNINGTON  PA  19335 

1  COMPOSITE  MATERIALS  INC 

D  SHORTT 
19105  63  AVE  NE 
PO  BOX  25 

ARLINGTON  WA  98223 

1  COMPOSHE  MATERIALS  INC 

R  HOLLAND 
11  JEWEL  CT 
ORINDA  CA  94563 


1  COMPOSITE  MATERIALS  INC 
C  RILEY 

14530  S  ANSON  AVE 
SANTA  FE  SPRINGS  CA  90670 

2  COMPOSIX 
D  BLAKE 

L  DIXON 

120  O  NEILL  DR 

HEBRUN  OHIO  43025 

4  CYTEC  FIBERITE 
R  DUNNE 
D  KOHLI 
M  GILLIO 
R  MAYHEW 
1300  REVOLUTION  ST 
HAVRE  DE  GRACE  MD  21078 

2  SIMULA 

J  COLTMAN 
R  HUYETT 
10016  S51ST  ST 
PHOENIX  AZ  85044 

1  SIOUX  MFG 
BKRIEL 
PO  BOX  400 

FT  TOTTEN  ND  58335 

2  PROTECTION  MATERIALS  INC 
M  MILLER 

F  CRILLEY 
14000  NW  58  CT 
MIAMI  LAKES  FL  33014 

3  FOSTER  MILLER 
JJGASSNER 

M  ROYLANCE 
W  ZUKAS 
195  BEAR  HILL  RD 
WALTHAM  MA  02354-1196 

1  ROM  DEVELOPMENT  CORP 
ROMEARA 
136  SWINEBURNE  ROW 
BRICK  MARKET  PLACE 
NEWPORT  RI 02840 

1  O  GARA  HESS  &  EISENHARDT 

M  GILLESPIE 
9113  LESAINT  DR 
FAIRFIELD  OH  45014 


NO.  OF  j 

COPIES  ORGANIZATION 
~! 

i 

2  TEXTRON  SYSTEMS 
TFOUlt 
M  TREASURE 
201  LOWELL  ST 
WILMINGTON  MA  08870-2941 


NO.  OF 

COPIES  ORGANIZATION 

1  SAIC 

M  PALMER 

1410  SPRING  HILL  RD  STE  400 
MSSH4  5 

MCLEAN  VA  22102 


1  JPS  GLASS 
L  CARTER 
PO  BOX  260 
SLATER  RD 
SLATER  SC  29683 


SAIC 

G  CHRYSSOMALLIS 
3800  W  80TH  ST  STE  1090 
BLOOMINGTON  MN  55431 


2  MILLIKEN  RSCH  CORP 

HKUHN 
M  MACLEOD 
PO  BOX  1926 
SPARTANBURG  SC  29303 

1  CONNE  AUGHT  INDUSTRIES  INC 
J  SANTOS 

PO  BOX  1425 
COVENTRY  RI 02816 

2  BATTELLE  NATICK  OPNS 
J  CONNORS 
BHALPIN 

209  W  CENTRAL  ST  STE  302 
NATICK  MA  01760 

1  ARMTEC  DEFENSE  PRODUCTS 
SDYER  i 
85  901  AVE  53 
PO  BOX  848 
COACHELLA  CA  92236 


1  GLCC  INC 
J  RAY 

103  TRADE  ZONE  DR  STE  26C 
WEST  COLUMBIA  SC  29170 


3 


2 


PACIFIC  NORTHWEST  LAB 
M  SMITH: 


G  VAN  ARSDALE 
R  SHIPPELL 
PO  BOX  999 
RICHLAND  WA  99352 


AMOCO  PERFORMANCE 

PRODUCTS 

MMICHNQJR 

J  BANISAUKAS 

4500  MCGINNIS  FERRY  RD 

ALPHARETTA  GA  30202-3944 


1  AAI  CORPORATION 
T  G  STASTNY 
PO  BOX  126 

HUNT  VALLEY  MD  21030-0126 

1  APPLIED  COMPOSITES 
W  GRISCH 
333  NORTH  SIXTH  ST 
ST  CHARLES  IL  60174 

3  ALLIANT  TECHSYSTEMS  INC 

J  CONDON 
E  LYNAM 
J  GERHARD 
WV01 16  STATE  RT  956 
PO  BOX  210 
ROCKET  CENTER  WV 
26726-0210 

1  CUSTOM  ANALYTICAL 
ENG  SYS  INC 
A  ALEXANDER 
13000  TENSOR  LANE  NE 
FLINTSTONE  MD  21530 

1  OFC  DEPUTY  UNDER  SEC  DFNS 
J  THOMPSON 

1745  JEFFERSON  DAVIS  HWY 
CRYSTAL  SQ  4  STE  501 
ARLINGTON  VA  22202 

1  PROJECTILE  TECHNOLOGY  INC 
515  GILES  ST 

HAVRE  DE  GRACE  MD  21078 

1  LORAL  VOUGFTT  SYSTEMS 
KCOOK 

1701  W  MARSHALL  DR 
GRAND  PRAIRIE  TX  75051 
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NO.  OF 
COPIES 

3 

8 


5 


1 

1 

1 

2 


ORGANIZATION 

HEXCEL INC 
RBOE 

PO  BOX  18748 

SALT  LAKE  CITY  UT  84118 

ALLIANT  TECHSYSTEMS  INC 
C  CANDLAND  MN11  2830 
C  AAKHUS  MN11  2830 
B  SEE  MN11  2439 
N  VLAHAKUS  MN11 2145 
R  DOHRN  MN11  2830 
S  HAGLUND  MN11  2439 
M  HISSONG  MN11  2830 
D  KAMDAR  MN11  2830 
600  SECOND  ST  NE 
HOPKINS  MN  55343-8367 

AEROJET  GEN  CORP 
D  PILLASCH 
T  COULTER 
C  FLYNN 
D  RUBAREZUL 
M  GREINER 

1100  WEST  HOLLYVALE  ST 
AZUSA  CA  91702-0296 

HERCULES  INC 
HERCULES  PLAZA 
WILMINGTON  DE 19894 

BRIGS  COMPANY 
J  BACKOFEN 
2668  PETERBOROUGH  ST 
HERNDON  VA  22071-2443 

ZERNOW  TECHNICAL  SERVICES 
L  ZERNOW 

425  W  BONITA  AVE  STE  208 
SAN  DIMAS  CA  91773 

OLIN  CORPORATION 
FLINCHBAUGH  DIV 
E  STEINER 
B  STEWART 
PO  BOX  127 
RED  LION  PA  17356 

OLIN  CORPORATION 
L  WHITMORE 
10101  NINTH  ST  NORTH 
ST  PETERSBURG  FL  33702 


NO.  OF 

COPIES  ORGANIZATION  • 

1  GKN  AEROSPACE 
DOLDS 

15  STERLING  DR 
WALLINGFORD  CT  06492 

1  PRATT  &  WHITNEY 
C  WATSON 
400  MAIN  ST  MS  114  37 
EAST  HARTFORD  CT  06108 

5  SIKORSKY  AIRCRAFT 
GJACARUSO 
T  CARSTENSAN 
B  KAY 

S  GARBO  MS  S330A 
J  ADELMANN 
6900  MAIN  ST 
PO  BOX  9729 

STRATFORD  CT  06497-9729 

1  AEROSPACE  CORP 
G  HAWKINS  M4  945 

2350  E  EL  SEGUNDO  BLVD 
EL  SEGUNDO  CA  90245 

2  CYTEC  FIBERITE 
MLIN 

W  WEB 

1440  N  KRAEMER  BLVD 
ANAHEIM  CA  92806 

1  HEXCEL 
T  BITZER 

11711  DUBLIN  BLVD 
DUBLIN  CA  94568 

1  BOEING 

R  BOHLMANN 
PO  BOX  516  MC  5021322 
ST  LOUIS  MO  63166-0516 

2  BOEING  DFNSE  &  SPACE  GP 
W  HAMMONDS  4X55 

J  RUSSELL  S  4X55 
PO  BOX  3707 
SEATTLE  WA  98124-2207 

2  BOEING  ROTORCRAFT 
P  MINGURT 
P  HANDEL 
800  B  PUTNAM  BLVD 
WALLINGFORD  PA  19086 
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NO.  OF  i 

COPIES  ORGANIZATION 

i 

1  BOEING 

DOUGLAS  PRODUCTS  DIV 
LJ  HART  SMITH 
3855  LAKEWOOD  BLVD 
D800  0019 

LONG  BEACH  CA  90846-0001 

! 

1  LOCKHEED  MARTIN 
S REEVE 
8650  COBB  DR 
D  73  62  MZ  0648 
MARIETTA  GA  30063-0648 

1  LOCKHEED  MARTIN 

SKUNK  WORKS 
D  FORTNEY 
1011  LOCKHEED  WAY 
PALMDALE  CA  93599-2502 

1  LOCKHEED  MARTIN 
R  FIELDS 
1195  IRWIN  CT 
WINTER  SPRINGS  FL  32708 


1  MATERIALS  SCIENCES  CORP 
B  W  ROSEN 

500  OFC  CENTER  DR  STE  250 
FT  WASHINGTON  PA  19034 

1  NORTHRUP  GRUMMAN  CORP 
ELECTRONIC  SENSORS 
&  SYSTEMS  DTV 
E  SCHOCH  MS  V 16 
1745AW  NURSERY  RD 
LINTHICUM  MD  21090 


2  NORTHROP  GRUMMAN 

ENVIRONMENTAL  PROGRAMS 
R  OSTERMAN 
A  YEN 

8900  E  WASHINGTON  BLVD 
PICO  RIVERA  CA  90660 


1  UDLP  ! 

D  MARTIN 
PO  BOX  359 

SANTA  CLARA  CA  95052 


1 


(MAS 


UDLP 
GTHO] 
PO  BOX  5] 
SANTA  d 


8123 

TARA  CA  95052 


NO.  OF 

COPIES  ORGANIZATION 

2  UDLP 

R  BARRETT  MAIL  DROP  M53 
V  HORVATICH  MAIL  DROP  M53 
328  W  BROKAW  RD 
SANTA  CLARA  CA  95052-0359 

3  UDLP 

GROUND  SYSTEMS  DIVISION 
M  PEDRAZZI  MAIL  DROP  N09 
A  LEE  MAIL  DROP  Nil 
M  MACLEAN  MAIL  DROP  N06 
1205  COLEMAN  AVE 
SANTA  CLARA  CA  95052 

4  UDLP 

R  BRYNSVOLD 
P  JANKE  MS  170 
4800  EAST  RIVER  RD 
MINNEAPOLIS  MN  55421-1498 

1  GDLS  DIVISION 
DBARTLE 

PO  BOX  1901 
WARREN  MI  48090 

2  GDLS 
DREES 
MPASIK 
PO  BOX  2074 
WARREN  MI  48090-2074 

1  GDLS 

MUSKEGON  OPERATIONS 
W  SOMMERS  JR 
76  GETTY  ST 
MUSKEGON  MI  49442 

1  GENERAL  DYNAMICS 
AMPHIBIOUS  SYS 
SURVIVABILITY  LEAD 
G  WALKER 
991  ANNAPOLIS  WAY 
WOODBRIDGE  VA  22191 

6  INST  FOR  ADVANCED  TECH 
H  FAIR 
I  MCNAB 
P  SULLIVAN 
S BLESS 
W  REINECKE 
C  PERSAD 

3925  W  BRAKER  LN  STE  400 
AUSTIN  TX  78759-5316 
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NO.  OF 

COPIES  ORGANIZATION 

2  CIVIL  ENGR  RSCH  FOUNDATION 
PRESIDENT 
H  BERNSTEIN 
R  BELLE 

1015  15TH  ST  NW  STE  600 
WASHINGTON  DC  20005 

1  ARROW  TECH  ASSOC 

1233  SHELBURNE  RD  STE  D  8 
SOUTH  BURLINGTON  VT 
05403-7700 

1  R  EICHELBERGER 

CONSULTANT 
409  W  CATHERINE  ST 
BEL  AIR  MD  21014-3613 

1  UCLA  MANE  DEPT  ENGR  IV 
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